Background Emphysema is defined as the abnormal enlargement of airspaces distal to the terminal bronchiole, but the limits of normality of airspace size have never been defined. The aims of the study were to examine the effects of age and sex on airspace size in non-smokers and to define the limits of normal airspace size. Methods Airspace size was measured in terms of airspace wall surface area per unit volume of lung tissue (AWUV). AWUV was measured on histological sections of lung tissue with an automated scanning system, the fast interval processor. Thirty eight lifelong non-smokers were studied, 15 male and 23 female, with an age range of 21-93 years. Macroscopic emphysema was assessed semi-quantitatively on the midsagittal slice of each lung specimen. Results The relation between mean AWUV and age was negative (r = -0.78). This relation was linear, and the 95% prediction limits of its regression line were used as the limits of normality of AWUV in this sample. The AWUV-age relationship was similar in the men and women studied. Localised areas of macroscopic emphysema were found in three specimens whose mean AWUV measurements were within the normal range.
Conclusions There is a normal increase in airspace size associated with advancing age in adult lungs. The limits of normal AWUV between ages 21 and 93 years have been defined, and it is proposed that lungs with a mean AWUV below the 95% prediction limit should be considered as having emphysema. ( this study were also included in a study of the distribution of airspace size from apex to base of the lung,20 and this is reflected in the sampling design used. Lungs were removed at necropsy (one lung from each subject) and immediately inflated with 10% buffered formalin at a pressure of 25 cm H20 and then fixed in 10% buffered formalin for at least 24 hours. Fixation was not carried out by continuous perfusion as this proved impractical for the lobectomy specimens (see below) where only the cut ends of the segmental or subsegmental bronchi were present. After complete fixation the lungs were cut into 1 cm parasagittal slices. The midsagittal slice from each lung was divided into six zones, three from the upper and three from the lower lobe, according to the apex to base height of the lobes. (In right lung specimens the middle lobe was considered as part of the upper lobe.) Two 2 x 2 cm blocks were cut at random from each zone (a total of 12 blocks from each lung)-see figure 1. Tissue blocks were processed and embedded in glycol methacrylate resin and a 3 pm section was cut from each block and stained with haematoxylin and eosin.
LOBES OBTAINED DURING SURGERY
We collected 22 lobes that had been surgically removed as treatment for small peripheral lesions. The diagnoses in these cases are shown in table 1. The lobes were inflated, fixed, and sliced in the same way as the lungs obtained at necropsy (see above). Random blocks were selected from the lateral two subpleural slices. This was in keeping with the sampling design used in a previous study of the structure-function relationships in the lung, where the most alveolated portion of the lung was required.2' At least six blocks were cut from each lobe. As with the lungs obtained at necropsy, a 3 pm section was cut from each block and stained with haematoxylin and eosin.
THE FAST INTERVAL PROCESSOR
The fast interval processor is an automated scanning device2223 that works on the same principle as the mean linear intercept (Lm) for each specimen, and this value was plotted against the age of the subject.
MACROSCOPIC ASSESSMENT OF EMPHYSEMA
The midsagittal slice of each lung or lobe was examined by an experienced pathologist (DL) and the extent and types of emphysema were recorded as follows:
Where centriacinar emphysema was present the number of the individual lesions was noted. Panacinar emphysema was described as mild, moderate, or severe3 and the percentage of the lobe area affected was measured by tracing the lobe outline on to a transparent plastic sheet and then tracing the areas of panacinar emphysema on to the same sheet. non-smokers studied (r = -0 78, p < 0 001) (fig 2) . This implies that alveolar wall surface area is reduced with increasing age airspace size is increased with age). The regression line of AWUV anc its 95% prediction limits were used t the range of normal mean AWUVv any age in the sample (fig 3) . The r equation for AWUV and age was ) 23-1-0-09AGE. The lower 95% p limits of AWUV ranged from mm2/mm3 over the age range Examples of the lower limits of norn AWUV are given in table 2. There were no sex differences in tionship between AWUV and age (fig Table 3 shows the age, sex, description, and mean AWUV value of the 38 subjects. Table 3 Their only known pulmonary abnormality was the small peripheral lesion for which thoracotomy was carried out in the surgical cases. We consider therefore that these individuals represent, as nearly as possible, a population with normal lung structure. We have used the 95% prediction limits for the regression of AWUV and age to define the limits of normality of AWUV in this sample.
The entity of senile emphysema has been described as the barely visible macroscopic abnormality of the lung in the elderly."2 We might therefore have expected to find an increased rate of decrease in AWUV with advancing age after the onset of senile emphysema. As stated above, however, the decline in AWUV with advancing age in our sample was linear. We found no sex differences in the relationship between AWUV and age in our sample of non-smokers. Differences in normal airspace size thus appear unlikely to be the basis of the published differences in the incidence of emphysema between the sexes.9-11 15 17 18 34 35 THE USE OF THE TERM EMPHYSEMA Small areas of macroscopic emphysema were found in lung specimens from three subjects whose mean AWUV measurements fell within the normal range. This result shows that small areas of emphysema, or focal lesions of the centriacinar type, which represent abnormally large airspaces in small areas of lung, do not affect the overall mean AWUV values. These are best described as focal, or localised, macroscopic emphysema. The term emphysema should not be used without qualification-rather the type and severity of the observed lesions should be described. We suggest that a patient, or a lung, should not be considered as having "emphysema" unless this refers to microscopically assessed emphysema with a mean AWUV value outside the 95% prediction limits for the population, which would thus take into account the age related changes in airspace size described here.
